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This is in reply to the office action of 5/4/05. Enclosed with this paper is a 
copy of page 1 1-27 from Chemical Engineers' Handbook, Perry and Chilton, Fifth 
Edition. 

A restriction requirement has been made on the basis that the inventions are 
distinct. The claims have been grouped as follows: 

I. Claims 1-20, and 26-27 drawn to a method, and 

II. Claims 21-25 drawn to an apparatus. 

Applicants elect the claims of group I ( Claims 1-20, 26-27), the restriction 
requirement being traversed for the reasons set forth below. 



Kathleen P. H'\^\ns 
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As provided in MPEP § 806.05 (e), a process and apparatus for its practice 
can be shown to be distinct inventions, if either or both of the following can be 
shown: (A) that the process as claimed can be practiced by another materially 
different apparatus or by hand; or (B) that the apparatus as claimed can be used to 
practice another and materially different process. The examiner is required to 
provide reasonable examples that recite material differences. In the present case, 
applicants contend that the examiner has not met its burden of showing that the 
inventions are distinct. 

The requisite example given by the examiner in support of the restriction Is 
that the "method as claimed can be practiced by another materially different 
apparatus which does not require an evaporator. For example, a heating means can 
be used to vaporize the solvent." (It appears that the examiner is referring to 
subparagraph (b) of method claim 1 which includes the element of "vaporizing"; 
method claim 12 does not use the term "vaporizing", but uses the term "evaporating" 
in subparagraph (c)). Applicants believe that this example is incorrect and does not 
support restriction. 

It is unclear what the relevance is of the statement that a heating means can 
be used to vaporize the solvent. An evaporator Is in fact a heating means. Included 
here with is a copy of page 1 1 - 27 from Chemical Engineers' Handbook, Perry and 
Chilton, Fifth Edition. As noted in the first paragraph of page 1 1 - 27, heat transfer is 
the most important single factor in evaporator design. Moreover, reviewing the 
section entitled Evaporator Types And Applications, it is seen that evaporators are 
classified based on the type of heating means. That a heating means can be used 
to vaporize the solvent, as noted by the examiner, is irrelevant for purposes of 
restriction since an evaporator is in fact a heating means to vaporize the solvent. 
Thus the example provided in the office action is believed to be Incorrect and does 
meet the burden of providing a reasonable example of the material differences 
between the inventions. Accordingly, the claimed inventions have not been shown 
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to warrant restriction. 

For the reasons set forth above, applicants believe that restriction is not 
warranted between the two groups of claims, and respectfully request that the 
restriction requirement be withdrawn and that all claims be examined. 
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EVAPORATOR TYPES AND APPUGATIONS 1 1-27 



EVAPORATORS 



jjgPEjtEKCEs: Badger and Banchero. "Introduction to Chemical Engineering *- 
Mc(Jraw-Hill, New \ork. 1955. 'Testing Procedure for Evaporators. " Amer- 
ican* InsUtute of Chemical Engineers, 1961. Standiford, Chem.,Eng,, 70, 
j58-l76 (pcc.^ 9» 1963). 

Heat/ transfer 'is the most important single factor in evaporator 
desigh.i sinice ! the heating surface^ -represents the largest part of 
evaporator cost.* Other things being equal, the type of evaporator 
selected , is the one having the highest heat-transfer "coefficient" 
under desired operating conditions in terms of B.t.u. per hour per 
degree Fahrenheit per dollar of ^ installed cost. When power is 
required to induce circulation past the heating surface, the "coeffi- 
cient" must be even higher to offset the cost of power for circu- 
lation. .J 

Vapor-liquid separation may be important for a number of rea- 
sons. Most.inriportant is uisually prevention of 'eritrainment ' because 
of value of product lost, pollution, contamination of the condensed 
vafor, or fouling or corrosion of the surfaces on which the vapor 
is condensed:*; Vapor-liquid separation in' the 'vapor head may also 
be important when sprajf forms deposits on the walls, when vortices 
increase head requirements of circulating pumps, and when sllort 
circuiting allows vapor or unflashed liquid to be carried back to 
the circulating pump and heating element. 

Evaporator performance is rated on the basis of steam economy— 
pounas of solvent^ evaporated per pound, of steam used. Heat is 
required (1) to raise the feed from its initial temperature to the 
boiling^temperature,' (2) to provide the miriimiim thermodynamic 
energy^© separate-liquid solyent from the feed, and (3) to vaporize 
the wlyent. The first of these can be changed appreciably by 
reducing the boiling temperature or by heat interchange between 
the feed and the residual product and/or condensate. The greatest 
increase;ui steam economy is achieved by reusing the vaporized 
^. done in a niultiple^flfect evaporator by iising the 

'I???^ as th^-heating medium for another effect in 
^hich boilmg^;takes^pla^c^^ a lower temperature and pressure. 

. of increasing the utilization of energy is to em^iloy 

a toermocompi^idn evapora^^ iff which the vapor is compressed 
**'^il^ ;pondehse at' a temperature high enough to permit 
lb use as the heating medium inutile sarhe evaporator. 

^Selection Probleihs. ' Aside" firdm heat-transfer Considerations the 
^eledtion of ^g^pe of evaporator best suited for a particular service 
f,,S>;!f"^. Py'^l^e characteristics of the feed and product. Points 
t®'''^™^***®^®^ "® ^'^^^"ization, salting and scaling 
P^?^i^*'5M^«tyf corrosion, arid foaming. In the case of a crystal- 
Uzing^aporator; the desirability of producing crystals' of a definite 
'^aUy limits the chbice to ' evaporators having a 
positwe,means^of circulation. Salting; which is the growth on bcxly 
S^^'i"'?"?^^'^^ walls of a material having a solubility that 
Z^^.^^r.:^'^^^^ iri^ temperature; is frequently encountered 
^''^^^^^^^ It ba;n , be reduced or eliiViinated by 

liquid ih; close or frequent contact with^ 
and! l^K^"^ u^- of crystallized' solid: Scaling is the deposition 
J^^^*^nbody;wa!ls^a^^ of 

i^^^t^'^^^'^S-^'^^^^^^^<^^^ reaction ih the 
eva^rator.^r;havihg ^j^h an increase 

^ebSr^-^^-: ^P^^^'^S can be reduced or eliminated in the same 
ffil^- '^f :^*^g-^^'^oth' saltirig-and sckliiig liquids are 
toS^4^- x^"^-^ do not depend on boiling 

tteS^JfA ^^^'V?^^'^^^^^^^^^ the formation of deposits other 

wifrklS^'5^?*?-^''^^ ™ «*"C to corirosion, solid matter entering 



withSifliit ™ corrosion, solid matter en 

-n^^^.^^'^^^P^^^' formed by condensing vapor. 
imei^^'^'^ '''''^''^^'^^^^^^ may require low hold-iip time and 
*ibld-fii^?-? to avoid thermal degradation. The low 

l^fei^fcf^^^ types 



"^^td^'^TP ■ some types or evaporator^, and some types 

^o^teiahpWf'^^^wn °f P^*" l^eat-trahsfer characteristics at 

of <^5^K "^!^ ^^^^ "*ay also dictate special materials 

action to avoid metallic contamination or a catalytic effect 



on decomposition of the product. Corrosion may also influence 
evaporator selection, since the. advantages of evaporators having 
high heat-transfer coefficients are; more apparent when expensive 
materials of construction are indicated. Corrosion and erosion are 
frequently more severe in evaporators than in othentypes of equip- 
ment because of the high liquid and vapor velocities used the 
frequent presence of solids in suspension, and the n^iessary concen- 
tration differences. ' ' * 
. . . • ■ 5. -. 

evaporat6r TYPHS an6 applications ^/ 

Evaporators may be classified as follows: 

1. Heating medium separated from evaporating liqiid by tubular 
heating surfaces. . . ' - ' 

2. Heating ihedium confin^ by coils, jacketsV double" walls flat 
plates, etc. ... - ' . 

3. Heating medium brought into direct contact with evaporatine 
liquid. ^ - - : ' 

4. Heating by solar radiation. , .7 

By far the largest number of industrial evaporators eni^lpy tubu- 
lar heating surfaces. Circulation of liquid past the; heatiiig surface 
may be mduced by boiling or by mechanical means. In tKe latter 
case, boiling may or may not occur at the heating surface 

Forced-circulation Evapoirators (Fig. H-16a, fc, c). Although it 
may not be the most economical for^many uses, the forced-circu- ; 
lation (F.C.) evaporator is suitable for the widest-Variety of evapo- I 
rator applications. The use of a piuni)^ to ensure circulation past i 
the heatmg surface makes possible separating the functions of heat- I 
transfer,.. vapor-liquid separation, and crystallization.! The^^pump ; 
withdraws^Iiquor .from the flash chamber and forces It through the 1 
heating element back to the flash chamber. Circulation is main- ' 
tamed regardless, of the evaporation, rate; so this type of evaporator . 
IS well suited to crystallizing operation where solids must be main- i 
tained in suspension at all tinies. The liquid velocity; past the { 
heatmg surface is limited only by the pumping power needed or • 
available and by accelerated corrosion and erosion at the higher ! 
velocities^ Tube velocities normally range from a mininiurh of' 
about 4 ft./sec. in salt evaporators with copper or. brass tiibes and 
liquid containing 5 per cent or more solids, up to about 10 ft./sec 
in caustic evaporators having nickel: tubes and liquid, containing 
only a small amount of solids: Even , higher velocities can be used 
when corrosion, is. not accelerated by erosion. '.V... / 

Highest heat-transfer> coefficients are obtained in F.C- evaporators 
when the liquid is allowed to boil in. the tubes, as in the* type shown 
The,Keatirig element projects into ^the vapor head 
and the liquid level is maintained hear arid usually slightly below 
the top tube sheet. This type of F.C, evaporator is not well suited 
to saltmg solutions because boiling in the tubes increases the 
chances of salt deposit on the walls, and the sudden flashing at the 
tube exits promotes excessive nuclieation and production Of fine 
crystals. Consequently,: this type' of : evaporator is 'seldom iised 
except where there are headroom limitations or when the liquid 
fontis neither salt nor scalel - 5:,. . . 

By far ' the ' largest^ number of fdrced^irculation evaporatdis ' are 
o^ the submerged-tube type^ as shown in Fig. 11-166. The heatirii 
elernent is- placed far enough below the liquid level or return Uine^ 
to the flash chamber to pirevent boiling in the tubes. Preferably 
the hydrostatic headvshoiild be' sufficient to prevent' boiling even 
m a tube that is plugged (and heiice at steam temperature), since 
this prevents salting of the' entii^e tube: Evaporators of this type 
sometiihes have horizontal heating elements (usually- two-pass), but 
the vertical single-pass heating element is used wherever sufficient 
headroom is available. The vertical element usually has • a iower 
friction loss and is easier to clean or retube than a horizontal 
heater. The submerged-tube forced-circCilatidn evaporator is rela- 
tively immune to salting in the -tiibes, sirice no supersaturatioii is 
generated by evaporation in' the tubes. The tendency toward scale 
formation is -also reduced, since sUpersaturation in the heating 
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